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Abstract 

Branching  ratios  for  the  reactions  of  02+  with  all  three  xylene  isomers  have  been  measured  as  a  function  of  temperature  over  a  wide  range 
(300-900  K)  at  a  fixed  number  density  ( 1 .45  x  1 016  molecule  cm-3  of  helium)  and  for  m-xylene  over  an  extended  buffer  gas  pressure  (50-250  Torr 
of  nitrogen)  and  temperature  (473-623  K)  range.  Rate  constants  measured  under  selected  conditions  indicate  that  the  reactions  proceed  at  the 
collisional  rate.  Two  main  products  were  observed  in  each  reaction:  the  stabilized  parent  ion,  C8Hi0+  (S)  and  a  dissociative  charge  transfer  product, 
C7H7+  (D).  The  ratio  of  S/D  was  found  to  vary  significantly  with  both  temperature  and  pressure.  At  high  pressure  very  little  dissociation  occurred. 
Results  of  statistical  modeling  similar  to  that  used  in  our  studies  of  n-alkylbenzenes  represent  the  data  well. 

©  2005  Elsevier  B.V.  All  rights  reserved. 
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1.  Introduction 

There  has  been  much  interest  in  the  study  of  the  detec¬ 
tion,  reactivity,  decomposition  pathways  and  toxicity  of  xylenes 
because  these  species,  as  well  as  other  aromatics  and  volatile 
organic  compounds  (VOCs),  are  involved  in  the  use,  production, 
destruction,  combustion  and  accidental  emissions  concerning 
plastics,  fibers,  resins,  power  sources  and  fuels  [1-10].  Much 
effort  has  been  expended  in  the  modeling  of  the  effects  of  xylene 
and  other  VOCs  on  the  atmosphere  [11,12],  and  there  are  con¬ 
cerns  regarding  the  enhancement  of  formation  of  tropospheric 
ozone  and  other  health  risks  [13-15],  There  are  concomitant 
efforts  to  remove  xylenes  by  microbial  degradation,  discharges 
and  plasmas,  and  by  ultraviolet  photooxidation  [2,16-19].  More¬ 
over,  the  xylene  isomers  can  be  distinguished  from  each  other  by 
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negative  ion  mass  spectroscopy  and  by  comparing  translational 
energy  releases  [20-22]. 

There  has  also  been  much  interest  in  the  study  of  ionic 
xylenes.  For  example,  there  is  evidence  that  combustion  can 
be  enhanced  by  ion-molecule  chemistry  [23].  The  reactivity  of 
various  neutral  and  ionic  aromatics,  including  xylenes,  has  been 
studied  [24-36],  in  part  to  elucidate  pathways  to  end  products 
[37-41], 

Recently,  we  have  studied  the  kinetics  of  charge  transfer  reac¬ 
tions  for  a  homologous  series  of  n-alkylbenzenes  (ethylbenzene, 
propylbenzene  and  butylbenzene)  over  wide  temperature  and 
pressure  ranges  [24-27,30] .  We  produce  the  highly  vibrationally 
excited  alkylbenzene  by  charge  transfer  with  C>2+.  The  excited 
species  can  either  decompose  by  unimolecular  dissociation  or 
undergo  collisional  stabilization  in  collisions  with  a  buffer  gas. 
At  higher  temperatures  thermal  decomposition  of  the  alkylben¬ 
zene  cation  also  becomes  important. 

Malow  et  al.  [42]  recently  studied  the  unimolecular  dissoci¬ 
ation  of  the  xylene  and  ethylbenzene  isomers  of  CgHio+.  They 
found  vastly  different  values  of  k(E)  for  the  two  isomers.  Also, 
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we  have  previously  presented  measurements  of  the  ratio  of  sta¬ 
bilized  parent,  C8Hio+  (S),  to  the  dissociation  product,  C7H7+ 
(D),  for  the  ethylbenzene  isomer  as  a  function  of  temperature 
and  buffer  gas  density  [26].  Detailed  statistical  modeling  of 
those  experiments  [24]  was  used  to  determine  energy  transfer 
parameters  and  the  details  of  the  charge  transfer  mechanism. 
Here,  we  extend  our  studies  to  the  measurement  of  m-,  o-  and 
p-xylene  cations.  Branching  fractions  have  been  measured  for 
the  m-xylene  isomer  as  a  function  of  temperature  and  buffer  gas 
pressure  using  our  turbulent  ion  flow  tube  (TIFT,  high  pressures 
and  moderately  high  temperatures)  and  for  all  three  isomers  in 
our  high  temperature  flowing  afterglow  (HTFA). 

In  the  same  fashion  as  our  earlier  work,  the  kinetics  can  be 


represented  by  the  following  reactions: 

O2+  +  C8HI0->  02  +  C8Hio+  (1) 

O2+  +  C8H,0-*  02  +  C8Hio+*  (2) 

C8H10+*  C7H7+(Bz+,  Tr+)  +  CH3  (3) 

C8Hio+*+M  -»  C8Hio+  +  M  (4) 

C8H10+  (+M)  ->  C7H7+  +  CH3  (+M)  (5) 


The  asterisk  indicates  vibrational  excitation  of  the  nascent 
charge  transfer  product;  not  all  of  these  initial  products  have 
sufficient  energy  to  dissociate.  The  fraction  with  enough  energy 
to  dissociate  has  been  shown  to  be  highly  dependent  on  the 
charge  transfer  mechanism  [24],  The  symbols  Bz+,  Tr+  refer 
to  the  aromatic  benzylium  and  the  seven-membered  tropylium 
ring,  two  isomeric  forms  of  C7H7+.  We  monitored  S/D,  which  is 
the  ratio  of  collisional  stabilization  to  dissociation  events.  Our 
experience  is  that  over  moderate  density  ranges,  S/D  is  linear, 
but  that  over  extended  density  ranges,  non-linearities  occur  due 
to  the  multi-state  nature  of  the  problem  [24,25]. 

2.  Experimental  technique 

Two  apparatuses  were  used  for  these  experiments.  The 
branching  ratio  measurements  over  an  extended  temperature 
range  at  a  fixed  gas  number  density  were  made  using  our  high- 
temperature  flowing  afterglow  (HTFA)  apparatus  [37,43,44], 
High  pressure  experiments  were  conducted  only  for  m-xylene  in 
the  turbulent  ion  flow  tube  (TIFT)  [26,45],  A  brief  description  is 
given  below  for  both  techniques.  Both  of  the  experiments  were 
carried  out  at  the  Air  Force  Research  Laboratory  (AFRL). 

In  the  HTFA,  a  fast  helium  flow  transported  the  ions,  cre¬ 
ated  by  electron  impact,  through  a  heated  quartz  flow  tube.  A 
commercial  furnace  was  used  for  the  heating.  After  the  gases 
reach  equilibrium  temperature,  the  reactant  gas  (m-,  o-  or  p- 
xylene,  C8Hio)  was  added.  Temperature  can  be  varied  from 
ambient  up  to  1500K  and  typical  pressures  vary  from  0.5  to 
2Torr.  Here,  we  made  measurements  from  300  to  900  K  at 
a  buffer  density  of  1.45  x  10 16  molecule  cm-3,  with  the  max¬ 
imum  temperature  limited  by  potential  decomposition  of  the 
xylenes.  The  bulk  of  the  gas  was  pumped  by  a  roots  blower  and 
a  small  fraction  was  sampled  before  the  ions  were  filtered  by  a 
quadrupole  mass  spectrometer  and  detected  by  an  electron  multi¬ 


plier.  The  02+  ions  were  made  from  02  in  an  electron  impact  ion 
source. 

The  TIFT  is  similar  to  low  pressure  flow  tubes  except  that 
larger  flow  rates  are  used  to  achieve  higher  pressures  and 
Reynolds  numbers.  Buffer  gas  pressure  can  be  varied  from  30 
to  300Torr  and  the  temperature  can  be  elevated  up  to  700  K. 
A  liquid  nitrogen  storage  vessel  supplied  the  N2  carrier  gas, 
which  was  preheated  in  a  sidearm.  The  precursor  ions,  02+, 
were  created  upstream  in  an  off-axis  corona  discharge  source 
and  were  entrained  into  the  N2  flow  in  the  sidearm.  The  feed  gas 
to  the  corona  consisted  of  a  mixture  of  ~1%  oxygen  in  argon. 
A  mixture  of  N2  and  vapor  of  the  neutral  reagent,  m-xylene, 
was  injected  through  a  moveable,  axial  tube  into  the  reaction 
zone.  Efficient  charge  transfer  followed,  producing  the  xylene 
cation,  C8Hio+.  At  the  end  of  the  flow  tube,  most  of  the  gas  was 
removed  by  a  large  mechanical  pump,  while  a  small  fraction  was 
sampled  through  a  150  p.m  orifice  in  a  truncated  nosecone.  The 
core  of  the  ensuing  supersonic  expansion  was  sampled  through 
a  skimmer  into  a  mass  spectrometer.  The  ions  were  analyzed 
by  a  quadrupole  mass  filter  and  counted  by  a  discrete-dynode 
electron  multiplier. 

In  order  to  elevate  the  temperature,  five  zones  of  heating 
were  used  and  the  gas  temperature  was  maintained  to  ±2K. 
The  main  flow  tube  was  heated  in  three  zones,  one  short  zone 
at  the  upstream  end,  a  long  middle  section  and  a  zone  inside 
the  vacuum  chamber  just  upstream  of  the  nosecone.  The  con¬ 
nection  between  the  corona  discharge  tube  and  its  sidearm  was 
also  heated.  Lastly,  it  was  found  that  preheating  of  the  buffer  gas 
was  needed  since  the  residence  time  was  too  small  to  cope  with 
the  decrease  in  heat  transfer  at  high  pressures.  The  preheater 
consisted  of  two  Mellen  split  type  (clam  shell)  tubular  heat¬ 
ing  elements  that  surround  a  tubular  piece  of  copper.  The  N2 
gas  flowed  through  narrow  channels  (which  traverse  the  copper 
tube  along  the  axis)  that  have  a  radial-spoke  cross-section.  The 
pattern  was  chosen  to  promote  efficient  heating. 

In  both  apparatuses,  the  02+  primary  ion  comprised  >98% 
of  the  primary  ions.  When  a  neutral  xylene  reactant  was  added, 
product  ions  at  91  amu  (C7H7+),  106  amu  (C8Hio+)  and  1 19  amu 
(C9Hn+)  were  observed  in  the  mass  spectra  of  the  TIFT  and 
HTFA  experiments.  The  first  of  these  ions  is  a  fragment  that 
can  exist  as  the  aromatic  benzylium  isomer  or  as  the  seven- 
membered  tropylium  isomer.  The  second  is  the  non-dissociative 
charge  transfer  product  ion,  which  will  be  different  dependent  on 
the  isomer  of  xylene  studied.  The  third  ion  is  due  to  secondary 
chemistry  of  the  benzylium  cation  with  neutral  reactant  [46], 
Effects  of  secondary  chemistry  were  eliminated  by  varying  the 
xylene  reactant  concentration  and  extrapolating  to  zero.  Oper¬ 
ating  the  TIFT  at  698  K  and  80  Torr,  a  high  resolution  spectrum 
of  the  m-xylene  reaction  showed  a  small  amount  of  mass  105, 
indicating  the  loss  of  a  hydrogen  atom.  This  product  has  been 
observed  when  the  xylene  cation  has  high  internal  energy,  in  the 
Malow  et  al.  experiments  [42],  The  only  appreciable  dissocia¬ 
tive  charge  transfer  product  was  C7H7+,  at  91  amu.  The  species 
C7H8+  was  not  observed  with  xylene,  unlike  our  earlier  studies 
of  n-propylbenzene  [25]  and  n-butylbenzene  [27],  because  the 
alkyl  sidechain  of  the  xylenes  are  not  long  enough  to  promote  the 
McLafferty  rearrangement  needed  for  this  fragmentation  chan- 
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nel.  The  mass  spectra  exhibited  common  impurities  due  to  a 
water  impurity  in  the  buffer;  H30+(H20)o,i  and  C>2+(H20).  The 
impurities  were  less  than  2%  (sometimes  much  less)  in  both 
apparatuses.  No  corrections  to  the  recorded  branching  ratios 
were  made  since  the  impurities  were  small  and  it  was  not  clear 
how  to  make  corrections  accurately.  However,  since  the  disso¬ 
ciative  product  was  small,  a  part  of  the  scatter  in  the  data  may 
result  from  the  impurities. 

The  following  source  gases  were  used  for  the  experiments. 
He  (AGA,  99.995%)  was  used  as  the  buffer  gas  in  the  HTFA 
after  passing  through  a  liquid  nitrogen  trap  to  remove  water 
vapor.  Boil  off  from  liquid  nitrogen  was  used  as  the  buffer  in  the 
TIFT.  O2  (Mass,  oxygen,  99.999%)  was  used  as  the  source  gas 
to  produce  C>2+  in  both  experiments.  Approximately,  1%  mix¬ 
tures  of  o-xylene  (Aldrich,  97%,  anhydrous),  p-xylene  (Aldrich, 
99+%,  HPLC  grade)  and  m-xylene  (Aldrich,  99+%,  anhydrous) 
in  helium  were  used  as  the  reactant  neutrals.  The  vapors  from 
the  xylenes  were  used  after  several  freeze-thaw  cycles. 

3.  Results 

In  the  present  work,  the  main  goal  was  to  measure  branching 
ratios  as  a  function  of  temperature  and  pressure.  This  requires 
a  low  depletion  of  [C>2+]  which  is  necessary  to  account  for  the 
secondary  chemistry  but  adds  uncertainty  to  measurements  of 
rate  constants.  In  addition,  rate  constants  in  the  HTFA  have  been 
found  to  be  sensitive  to  experimental  condition,  but  branching 
ratios  have  not.  Since,  we  were  fixing  the  buffer  gas  number 
density  in  those  experiments,  it  was  not  possible  to  optimize  for 
accurate  rate  constant  measurements.  In  addition,  previous  stud¬ 
ies  of  the  reactions  of  C>2+  with  alkylbenzenes  showed  that  reac¬ 
tion  occurred  on  every  collision  for  all  conditions  [25,26,47]. 
The  extra  effort  required  to  measure  rate  constants  at  each 
set  of  conditions  is  time  consuming  using  the  current  experi¬ 
mental  arrangement.  Therefore,  we  only  spent  time  testing  the 
assumption  of  a  collisional  rate  constant  for  the  m-xylene  sys¬ 
tem  in  the  TIFT  at  pressures  less  than  lOOTorr.  Above  this 
pressure,  substantially  more  observation  time  was  necessary  for 
experimental  reasons.  The  average  of  the  measurements  of  rate 
constants  below  lOOTorr  was  2.1  x  10-9 cm3 molecule-1  s-1 
over  the  temperature  range  of  473-623  K.  This  value  is  in  good 
agreement  with  our  previous  room  temperature  measurement 
(1.7  x  10-9  cm3  molecule-1  s-1)  and  with  those  of  Spanel  and 
Smith  (1.9  x  10~9  cm3  molecule-1  s~ 1 ).  Both  of  these  measure¬ 
ments  were  performed  using  the  selected-ion  flow  tube  (SIFT) 
technique  [23,28,29]. 

The  remainder  of  the  experimental  results  consists  of  mea¬ 
surements  of  the  branching  ratio  [C8H|o+]/[C7H7+],  or  S/D,  as 
a  function  of  temperature  and  pressure.  The  HTFA  was  used  to 
measure  the  temperature  dependence  of  S/D  at  a  fixed  bath  gas 
concentration  for  all  three  xylene  ion  isomers,  from  300  to  900  K. 
The  results  are  shown  in  Fig.  1.  The  buffer  gas  number  den¬ 
sity  was  kept  at  a  constant  value  (1.45  x  1016  molecule  cm-3) 
in  order  to  separate  temperature  effects  from  those  of  collisions. 
The  Langevin  collision  rate  constant  of  the  excited  xylene  ion 
with  He  buffer  is  5 .5  x  1 0- 1 0  cm3  molecule- 1  s- 1 ,  independent 
of  temperature.  Therefore,  fixing  the  buffer  gas  number  density 


Fig.  1.  HTFA  measurements  for  S/D  of  m-,  o-  and  p-xylene  cations 
from  300  to  900  K  at  a  constant  number  density  of  the  bath  gas  He  of 
1.45  x  1016  molecule  cm-3.  The  present  data  at  each  temperature  are  an  aver¬ 
age  of  three  to  six  individual  points.  Also  shown  are  room  temperature  results 
from  Ref.  [29]  (□)  and  from  Ref.  [28]  (□,  O  and  0).  The  full  lines  (in  order  of 
p-,  o-  and  m-xylene  from  top  to  bottom)  present  the  results  of  a  modeling  with 
—  (A£)//ic=  180  cm-1,  the  dashed  lines  with  360  cm-1 ,  see  text. 


fixes  the  time  between  collisions.  Similarly,  the  Langevin  colli¬ 
sion  rate  with  the  N2  buffer  used  in  the  TIFT  is  independent  of 
temperature  at  6.6  x  10-1°  cm3  molecule-1  s-1 . 

Fig.  1  shows  not  only  the  present  HTFA  data  but  also  room 
temperature  values  of  S/D  taken  at  similar  number  densities  from 
other  experiments.  The  agreement  for  o-xylene  and  p-xylene  is 
good  to  excellent.  In  contrast,  that  for  m-xylene  is  less  satisfac¬ 
tory.  The  present  value  for  S/D  of  about  7.6  compares  to  previous 
SIFT  values  of  3.5  and  4  [28,29].  No  good  explanation  is  appar¬ 
ent  for  the  discrepancy,  especially  given  the  good  agreement  for 
the  other  two  isomers.  The  measurements  were  repeated  a  num¬ 
ber  of  times  as  a  check,  and  S/D  remained  higher  than  values 
reported  in  earlier  work. 

If  the  present  value  of  S/D  for  m-xylene  at  300  K  is  rejected, 
then  the  S/D  values  follow  the  inequality:  para  ~meta>  ortho. 
Two  sets  of  model  lines  are  shown  in  Fig.  1,  which  rationalizes 
the  absolute  values  and  temperature  dependences  of  the  results. 
The  relative  values  of  the  para  and  ortho  isomers  are  well  pre¬ 
dicted.  The  model  predicts  relative  values  for  the  meta  isomer 
to  be  more  like  the  para  isomer.  However,  agreement  with  either 
the  para  or  ortho  results  is  within  the  uncertainties  of  the  model 
given  that  only  very  small  differences  in  energetics  are  needed 
to  explain  the  differences.  The  details  of  the  modeling  are  given 
below. 

The  pressure  dependence  of  collisional  stabilization  was 
measured  using  the  TIFT  over  a  buffer  gas  pressure  range  of 
50-250  Torr  and  temperatures  from  473  to  623  K  for  the  m- 
xylene  only.  These  data  are  shown  in  Fig.  2.  Measurements 
of  S/D  were  made  also  at  698  K,  but  these  higher  temperature 
results  exhibited  very  large  scatter  and  were  thus  discarded.  The 
TIFT  has  not  yet  been  well  characterized  at  such  high  temper¬ 
atures.  The  values  of  S/D  are  very  large  indicating  that  little 
dissociation  occurs  at  these  high  pressures. 
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Fig.  2.  TIFT  measurements  of  S/D  for  the  m-xylene  cation  as  a  function  of 
number  density  of  N2  (50-250  Torr)  over  the  temperature  range  473-623  K.  Te 
lines  for  T=  473, 523, 573  and  623  K  (from  top  to  bottom)  show  modeling  results 
with  — (A£)//ic  =  280cm_1,  see  text. 


Compared  to  our  earlier  experiments  for  ethylbenzene  [26], 
n-propylbenzene  [25]  and  n-butylbenzene  [27]  much  larger  val¬ 
ues  of  S/D  were  observed  for  xylene.  Our  modeling  given  below 
indicated  that,  for  these  large  values  of  S/D,  there  should  be 
a  nearly  linear  dependence  of  S/D  on  [N2]  with  S/D  %  0  at 
[N2]  =  0.  The  modeled  curves  are  also  shown  in  Fig.  2.  One 
observes  some  scatter  around  these  curves.  However,  the  trends 
are  quite  clear:  at  a  given  T,  S/D  increases  with  [N2]  because  of 
more  efficient  collisional  stabilization  and,  at  a  given  [N2],  S/D 
decreases  with  increasing  T  because  of  increasing  energy  and 
hence  an  increasing  dissociation  rate. 

The  kinetics  outlined  in  Section  1  can  be  analyzed  for  S/D. 
In  its  simplest  form  (assuming  a  single  excited  state)  this  can  be 
written  as: 

S  =  [C8H+]  a  KcZ[N2] 

D  [C7H|]  1  -  a  (1  -  ot)k(E)  K 


Out  earlier  studies  of  the  reaction  of  02+  with  alkylbenzenes 
clearly  showed  that  the  charge  transfer  processes  (1)  and  (2)  can 
proceed  by  three  mechanisms:  resonant  charge  transfer  (branch¬ 
ing  ratio  ga)  which  essentially  deposits  the  thermal  energy  of  the 
neutral  alkylbenzene  (C8Hio  in  this  paper)  into  the  parent  ion 
(C8Hio+‘)  in  addition  to  the  difference  of  the  ionization  energies 
of  02  and  the  alkylbenzene,  complex-forming  charge  transfer 
(branching  ratio  gb)  which  statistically  distributes  the  energy, 
and  charge  transfer  producing  electronically  excited  02  (branch¬ 
ing  ratio  gc).  Modeling  the  corresponding  energy  distributions 
g(E,  T)  has  been  done  in  our  work  analogous  to  that  described 
previously  [24,25,27].  We  use  ga  and  gb  as  parameters,  while 
gc  =  1  -  ga  —  gb.  The  second  set  of  input  parameters  needed  to 
model  the  data  are  the  average  energies  (A E)  transferred  per 
collision  between  vibrationally  highly  excited  C8Hio+*  and  the 
buffer  gas  M.  We  use  (A E)  values  such  as  obtained  from  our 
analysis  of  the  collisional  stabilization  of  ethylbenzene  cations 
[24].  Finally,  we  require  information  on  the  specific  rate  con¬ 
stants  k(E)  for  dissociation  of  C8Hio+*.  For  the  latter  quantity, 
in  our  energy  range  we  only  have  relatively  uncertain  single¬ 
energy  measurements  from  photodissociation  experiments  [35]. 
There  are  low  energy  measurements  for  o-xylene  [42],  which, 
however,  seem  to  have  a  veiy  unusual  energy  dependence  and 
do  not  seem  compatible  with  the  single  higher  energy  point.  In 
this  situation,  we  must  live  with  uncertainty  of  the  input  param¬ 
eters  and  to  accept  some  deviation  between  the  modeling  and 
the  experimental  results. 

We  use  collisional  stabilization  rate  constants  ycZ[ M]  with 
the  collision  efficiency  yc  approximated  by  [49]: 


yc  ~  -(A E)s* 

1  -  Yl  ~  e-e0 


(7) 


where  Eq  denotes  the  dissociation  threshold  energy  for  reac¬ 
tion  (3)  and  the  specific  rate  constants  k(E)  of  reaction  (3)  are 
represented  approximately  by: 


k(E)  oc  (E  -  E0y*~l 


(8) 


where  E  denotes  the  internal  energy  of  the  chemically  activated 
xylene  cations,  yc  the  collision  efficiency  (for  stabilization)  and 
k{E)  is  the  specific  rate  constant  fortheir  fragmentation.  We  iden¬ 
tify  Z  with  the  collision  rate  constant,  being  the  Langevin  capture 
rate  constant  between  C8Hio+  and  M.  Finally,  the  symbol  a  cor¬ 
responds  to  the  fraction  of  nascent  xylene  cations  that  do  not 
have  enough  energy  to  decompose,  k\l{k\  +  kf).  This  expression 
predicts  a  linear  dependence  of  S/D  with  pressure  or  number 
density.  A  more  detailed  modeling  identifying  (1  —  a)  in  terms 
of  the  branching  of  the  charge  transfer  channels  is  given  below. 

4.  Modeling 


S/D  then  is  derived  from: 

S  f°°  yc(E) 

—  =  Z[M]  /  d Eg(E,T)^-(  (9) 

D  Jo  k(E) 

where  S*  is  a  fit  variable. 

As  done  previously  for  ethylbenzene  cations,  [24]  we  com¬ 
bine  the  single  energy  measurement  [35]  for  o-xylene  of 
k(E)=7  (±3)  x  108  s— 1  at  an  energy  of  E/hcw  35,090 cm-1, 
with  k(E)= 3  x  104  s-1  at  E/hc  =  23,l70 cm-1  in  the  middle  of 
the  experiments  from  Ref.  [42],  This  leads  to 


*(£)«  7(±3)x  108 


E-E0 

he  35,  090  cm-1 


5.85 


(10) 


In  the  following,  we  demonstrate  that  our  measured  S/D  as 
a  function  of  temperature  T  and  bath  gas  concentration  [M]  can 
well  be  accounted  for  by  the  modeling  scheme  elaborated  in  our 
work  on  other  alkylbenzenes  [24,25,27,47,48],  However,  lack  of 
information  on  a  few  of  the  input  data  required  for  the  modeling 
leaves  so'me  arbitrariness  in  the  finer  details. 


with  Eo/hc=  16,890  cm-1 .  The  exponent  is  similar  to  the  value 
of  4.824  derived  for  ethylbenzene  cations  [27],  but  differs 
markedly  from  a  value  of  17.93  derived  in  Ref.  [42],  As  our 
measurements  are  made  at  energies  close  to  the  single  high 
energy  datum,  the  representation  of  Eq.  ( 1 0)  appears  to  be  much 
more  meaningful  than  that  given  for  the  low  energy  data  alone. 


A.I.  Fernandez  el  al.  /  International  Journal  of  Mass  Spectrometry  249-250  (2006)  379-384 


383 


Table  1 


Molecular  parameters  employed  in  the  modeling 


Molecule 

Ionization 

Dissociation  energy  at 

Vibrational 

energy  (eV)a 

OK  (kJmol_1)b 

frequencies 

o-Xylene 

8.56 

202 

Ref.  [51] 

m-Xylene 

8.55 

205 

Ref.  [51] 

p-Xylene 

8.44 

215 

Ref.  [42] 

a  Ref.  [50], 

b  Ref.  [50],  with  conversion  from  298  to  OK  as  in  Ref.  [35]. 


Keeping  the  same  exponent  as  for  o-xylene,  the  single-energy 
measurements  [35]  for  the  other  xylenes  correspond  to 


k(E)  *  5(±3)  x  108 


(E  -  Ep) 
he  36, 050  cm-1 


5.85 


(11) 


with  Eo/hc  =  1 7,970  cm  1  for  p-xylene  and 


k(E)  *  8(±3)  x  108 


(E  -  E0) 


1  5.85 


he  35, 170  cm 


-l 


(12) 


with  Eo/hc-  17,140 cm-1  for  m-xylene;  see  Table  1  for  the 
molecular  data  employed.  |(A£)|-values  for  M  =  He  of  180 
(±90)  cm-1  and  for  M  =  N2  of  285  (±150)  cm-1  were  taken 
from  Ref.  [24].  Likewise,  initial  branching  ratios  were  taken 
from  Ref.  [24],  However,  we  found  that  gc  =  0.1,  rather  than 
gc  =  0. 1 83  used  in  Ref.  [24],  gives  slightly  better  agreement  with 
the  experimental  slopes  of  the  lines  shown  in  Fig.  1 .  Therefore, 
we  use  ga  =  0.45,  gb  =  0.45  and  gc  -  0. 1  to  initialize  the  model¬ 
ing. 

The  effective  yc-values  are  much  smaller  than  unity  such 
that  ye  is  essentially  proportional  to  (A E).  Therefore  for  large 
values  of  S/D  such  as  displayed  in  Fig.  2,  the  slope  of  S/D-plots 
is  sensitive  to  the  ratio  of  (A E)/k(E)  where  the  effective  energy 
depends  on  gd  and  g\>.  On  the  other  hand,  the  small  values  of 
S/D  such  as  shown  in  Fig.  1  are  also  sensitive,  at  fixed  ga,  to 
the  partitioning  of  1  —  ga  between  gb  and  gc.  This  applies  in 
particular  to  the  slope  of  the  temperature  dependences  in  Fig.  1 . 
In  contrast,  the  TIFT  measurements  shown  in  Fig.  2  are  relatively 
insensitive  to  the  value  of  gc.  We,  therefore,  first  optimized  gc  by 
inspecting  Fig.  1 .  We  found  that  there  was  a  small  dependence  on 
gc  with  gc  =  0.1  reproducing  best  the  experimental  temperature 
dependences.  In  order  to  reproduce  the  absolute  values  of  S/D, 
we  had  to  take  into  consideration  the  considerable  uncertainty 
of  the  ratio  (A  E)/k(E)  discussed  above.  The  full  lines  in  Fig.  1 
used  —  (A E)/hc=  180  cm-1  forM  =  He,  such  as  determined  for 
ethylbenzene  cations  in  Ref.  [24],  Increasing  |{A£)|  by  a  factor 
of  2  yields  the  dashed  lines  shown  in  Fig.  1.  These  are  in  better 
agreement  with  the  experiments.  However,  the  uncertainty  in 
k{E)  as  well  as  in  the  energy  distributions  after  charge  transfer 
amounts  to  a  factor  of  two  uncertainty.  For  this  reason,  we  cannot 
draw  conclusions  about  the  value  of  (A  E)  better  than  a  factor  of 
two.  A  similar  uncertainty  was  encountered  in  Ref.  [24], 

Our  modeling  of  the  high  pressure  values  of  S/D  form-xylene 
shown  in  Fig.  2  led  to  the  lines  given  in  the  figure.  In  this  case,  the 
use  of  k(E)  from  Eq.  ( 1 2),  —{AE)/hc = 285  cm- 1  such  as  derived 
for  ethylbenzene  cations26  with  M=N2,  and  ga  =  0.45  like  for 
ethylbenzene  (together  with  gb  =  0.45  and  gc  =  0. 1 ),  directly  gave 


agreement  within  our  experimental  scatter  such  that  fine-tuning 
of  the  modeling  results  did  not  appear  meaningful.  One  should 
note  that  thermal  dissociation  did  not  play  any  role  for  the  con¬ 
ditions  of  the  experimental  results  shown  in  Fig.  2. 

5.  Conclusions 

The  combination  of  our  experimental  and  modeling  results 
show  an  internally  consistent  picture.  The  reaction  of  02+  with 
the  three  xylene  isomers  presents  itself  as  a  chemical  activa¬ 
tion  system  where  the  initial  charge  transfer  proceeds  by  three 
channels,  i.e.,  by  resonant,  complex-forming  and  electronic  exci¬ 
tation  charge  transfer  pathways.  This  is  similar  to  the  modeling 
for  the  corresponding  ethyl-,  n-propyl-  and  n-butylbenzene  sys¬ 
tems.  Having  accounted  for  the  superposition  of  the  energy 
distributions  from  these  three  channels,  dissociation  of  xylene 
cations  competing  with  collisional  stabilization  needed  to  be 
analyzed  by  a  master  equation.  In  our  treatment  this  was  done  in  a 
simplified  manner  with  the  equations  derived  from  a  step-ladder 
model.  Employing  specific  rate  constants  from  the  literature  as 
well  as  charge  transfer  branching  ratios  and  collisional  energy 
transfer  properties  such  as  derived  for  ethylbenzene  cations, 
the  measured  stabilization  versus  dissociation  yields  could  be 
reproduced  within  a  factor  of  two  in  detail  without  further  param¬ 
eter  adjustments.  One  can,  therefore,  conclude  that  the  observed 
properties  of  the  considered  reactions  can  be  well  rationalized 
by  our  approach. 
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